A previous study showed that oxidation of LaNi5 could produce catalysts with a relatively high Ni dispersion. This study focuses on the effect of Ni atomic percent a upon Ni dispersion d and turnover frequency 77% using La-Ni compounds. It was found that the value of d was higher in the order of LaNi5 >La2Ni7 >LaNi3 > LaNi and that this order wasrelated to oxidation rate. Thevalue of 77%on the other hand, washigher in the reverse order, indicating that high oxidation rate causes severe defects on the surface of Ni crystallites.
Introduction
Recently, muchattention has been paid to a new method of preparing catalysts by oxidation treatment of rare earth intermetallic compounds, because this method prevents the poisoning effect of residual ions or impurities upon catalytic activity and selectivity, which occurs with the conventional method using aqueous solutions. LaNi5 are hexagonal.
To make these compounds, 99.7wt% purity of La (impurities are 0.18wt% Nd, 0.05wt% Pr, 0.05wt% Ce, 0.02wt% Fe) and 99.97wt% purity of Ni (impurities are 0.005wt% Fe, 0.005wt% Cu, 0.01 wt% Pb, the rest are Mn, C, S) were mixed in appropriate ratios in a copper boat. The mixture was repeatedly induction-melted in an argon atmosphereto obtain a homogeneousmelt, and was then water-cooled to formsamplecrystals. X-ray diffraction patterns of these samples showed that LaNi, LaNi3, La2Ni7 and LaNi5 were formed.
Effects of impurities and grain boundaries on oxidation rates
It has been reported that oxidation rate is greatly influenced by impurities and grain boundaries in crystals.7)
The impurities and grain boundaries in these La-Ni compounds have the same effects upon both conductivity before oxidation and oxidation rate.
To study the effects of these factors upon oxidation rate, the conductivity a of La-Ni compounds was measured, and the relation between o and the number x ofNi atoms per unit of LaNi, was examined as a tool for predicting the effect of impurities and grain boundaries upon the oxidation rate. Thus, if a were found be correlated with x by Kirkpatrick's equation Eq. (1), the effect of impurities and grain boundaries upon the oxidation rate would be negligible or the same for all four La-Ni compounds.
g=Axb (1) The apparatus for measuring conductivity is shown in Fig. 1 . After the current was measured from the voltage drop across the standard resistance ® (1.000fi), samples (100/170 mesh) were placed in glass tube © (5mmdiameter) and then pressed by weight (3) to pack them homogeneously. Conductivity was measured at 293Kwith samples of the appropriate length at the appropriate pressure. It was determined that neither factor has any influence on conductivity. 2)
1.3 Measurement of oxidation rate Oxidation rate was measured using the thermogravimeter (Shimadzu TG-30).5) A 100mg sample (100/170 mesh) was placed on the cell, and the weight change was measured at 600-623K in O2/He gas at a flow rate sufficient to eliminate gas-film resistance.
Measurement of structural change and Ni crystallite size
The X-ray diffraction method was used to study changes in structure and to measure Ni crystallite size at the Ni(lll) peak.
Measurement of catalytic activity
After samples were oxidized in the reactor of the thermogravimeter, the oxygen was replaced by helium, and samples were reduced at 723K by hydrogen. Hydrogen was then purged by helium, and the initial activity was measured in H2/CO gas (H2/CO=3) at 673-723K, using FID and TCD gas chromatography. The oxidation, reduction and reaction were all conducted in the thermogravimeter.
Results and Discussion

Effects on oxidation rate of lattice spattering
According to Wagner's oxidation theory,4) lattice spattering caused by impurities and grain boundaries changes the concentration of vacant sites and thus alters the diffusion rate in the oxide layers. As a changes, 1) lattices might be spattered differently by impurities such as other rare earth metals in the La, or Cu or Fe in the Ni; and 2) the properties of the grain boundaries might change, and lattices might be spattered differently.
Therefore, the conductivity of La-Ni intermetallic compounds was measured to study the effects of indicating that the diffusion rate in the oxide layers is not influenced by the impurities or grain boundaries in any of the La-Ni compounds studied.7) 2.2 Effect of a on La oxidation rate The weight increase stopped at the weight change calculated for complete oxidation of La, as shown in Fig.3 . To confirm the nature of the substances formed during oxidation, powder X-ray diffraction studies were made. For the oxidized La-Ni compounds at the points corresponding to the weight increase for the complete conversion of La into La2O3, the diffraction patterns showed only the existence of La2O3 and metallic
Ni.
This showed that for LaNi, LaNi3 and La2Ni7, only La was oxidized at 623K, and agrees with results At oxidation temperatures lower than 603K, La was not completely oxidized after 15hours, and the catalytic activity changed owing to the transformation of unoxidized La in synthesis gas atmosphere. Therefore, all subsequent oxidation was conducted at 623K.
Using emery-ground samples, the movementof a distinct interface between oxidized parts and intermetallic compoundsinto the center of particles was observed, showing that La oxidation in the four LaNi compoundsfollows the core model. It was found from the relation between oxidation time and conversion that diffusion in the oxide layer is the ratedetermining step. P= l/t{l/2-(l -Xs)^/2-XJ3} (2) P= vCgD/(p -R2) (3) Figure 4 shows that the diffusion rate slows as a increases. In La oxidation, oxygen diffuses in the La2O3 crystal lattices;3) therefore, it was assumed that the number of vacant sites decreases with increasing a because some of the La(III) cation points in the lattice are replaced by Ni(II) cations. The decrease of vacant sites seemedto slow the diffusion rate. The high degree of linearity of the relationship in Fig. 4 indicates that the oxidation rate depends upon a but not on the crystal structure.
Effect of a on Ni dispersion
After the La of the four compoundswas completely oxidized at 623 K, Ni dispersion was measured. Figure  5 shows that Ni dispersion is higher in the order of LaNi5 > La2Ni7 >LaNi3 >LaNi, i.e., Ni dispersion is higher with increases in a. Figures 4 and 5 show that d decreases with increasing jS. was found in the case of different values of T. It is to be noted that S is controlled either by a, the structure factor, or/and by experimental factors such as the oxidation temperature or the oxygen partial pressure.
Effect of a on turnover frequency
The initial activity of catalysts prepared by the complete oxidation of La in the four compoundswas measured, and Fig. 6 shows that the initial rate of CO conversion per gram of Ni, r0 [mmol-kg"1 -s"1], increased with decreasing a. Over 99%of the product wasmethane.
Next, turnover frequency TF [s"1] was calculated.
The number of active sites necessary for the calculation of TFwas assumedto be the sameas the number of Ni atoms on the surface, which was determined using the value of Ni dispersion and the total number of Ni atoms. Figure 7 shows that TF increases as a decreases. As noted in Section 2.5 below, the activation energy was the same for the four catalysts, so that the effective TF should be the same. The change in TFis believed to be due to the fact that the degree of defects varies with the oxidation rate which, in turn, varies with a. This supposition was supported by the fact that a steady rate of CO conversion was obtained earlier as a decreased. prepared by complete oxidation of La are shown in Fig. 8 . The reaction was conducted using synthesis gas at 673-723 K. To study the sintering ofNi crystallites, the four catalysts obtained after the complete oxidation of La were kept in helium at 723K for 5hours. The Ni crystallites were found to be of the same size, indicating that sintering did not occur. Figure 8 and Table 1 show that the apparent activation energy AE
[kJ-mol"1] does not depend upon a, and was ap--proximately the same as for one of the conventional supported Ni catalysts8) that have small Ni content (~1 wt%) and large pore volume.
Conclusion 1) For LaNi, LaNi3, La2Ni7 and LaNi5, only La was oxidized at temperatures lower than 623 K, and the oxidation mechanismfollowed the core model.
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